A genetic analysis was made of the Female-lethal (Fl) locus of Drosophila melanogaster. This is an Jf-linked mutation which causes lethality only in females. Other alleles do not complement Fl and are either lethal or sterile when homozygous in females. Complementation studies on Fl alleles demonstrate that there is no simple ranking of these alleles in terms of severity of phenotypic effect. Dosage manipulation of Fl alleles indicates that the sex-specificity is not a consequence of gene dosage effects. Viability studies on males carrying Fl alleles show that Fl alleles have no effect on viability regardless of the presence or absence of a Y chromosome. The Fl locus is therefore sex-specific. The hypothesis that Fl + is involved in the establishment of imaginal phenotypic sex cannot be substantiated on the basis of experiments utilizing sex-change mutations.
INTRODUCTION
The Fl locus is situated at 19-1 cMs on the X chromosome. The allele Fl is a fully penetrant recessive lethal in females, which die during embryogenesis; no effect in hemizygous males has been observed. Fl can act as a dominant lethal in females, this expression being dependent upon the maternal genotype, and showing variable penetrance. A second allele, Female-lethal-sterile (Fl s ), differs from Fl in that homozygotes are female-sterile rather than lethal, although Fl/FP is lethal (Muller & Zimmering, 1960; Zimmering & Muller, 1961) .
We have examined the possibility that this locus may code for a sex-specific gene product required only in females, and the alternative possibility that Fl mutations may be without effect in males because of some protecting effect of the Y chromosome. The four alleles of Fl available have permitted an examination of the range of female-lethal and sterile phenotypes produced by mutation at this locus. Muller & Zimmering (1960) showed that the mutation transformer (tra), which causes XX individuals to develop as sterile pseudomales (Sturtevant, 1945) , failed to alter the lethal action of Fl in XX zygotes and we have extended this investigation to the other mutations which affect adult morphological sex. The hypothesis 104 T E R R I MARSHALL AND J. R. S. WHITTLE was investigated that the sex-limited effects of Fl mutations were due to gene dosage rather than a manifestation of sex difference.
MATERIALS AND METHODS

Stocks
Fl alleles were maintained as balanced stocks. X-linked mutations (for description of mutations see Lindsley & Grell, 1968) were used to distinguish different X chromosome genotypes. For the male, viability studies stocks with Fl alleles (Lefevre & Johnson, 1973 (Lindsley & Grell, 1968 In each experimental group, ten to fifteen females were placed in a 10 ml food vial with an equal number of males and were transferred every 2 or 3 days. The full progenies of five or six broods were scored. Similar conditions were used in the complementation studies.
Combinations of Fl and the sex-change mutations transformer-dominant (traP), Masculinizer (Mas), doublesex (dsx) and inter sex (ix) were synthesized by balancer chromosome substitution, and linked markers were used to identify these genotypes. The mating scheme used to vary the dosage of the Fl allele is shown in Table 1 . Similar schemes were used for the other alleles. (cross twelve) . The viability of these heterozygous females is high and they are fertile. Thus it appears that these alleles represent one complementation group but that intra-allelic complementation may occur.
RESULTS (i) Complementation tests
The Fl B sn a chromosome appears to be completely lethal when homozygous (cross five) although homozygous y vP Fl B sn 3 females may survive (cross six). Such a result was unexpected as the latter chromosome was synthesized from the Fl B sn 3 stock. From these results there is no simple way to rank these alleles in order of severity of phenotypic effect.
(
ii) Viability effects of Fl alleles in males
It was important to distinguish a sex-specific from a sex-differential action of Fl alleles. A sex-specific action of Fl implies that a normal Fl + gene product is required specifically in females and not in males. A sex-differential action of Fl would indicate that Fl + is required by both males and females, but that males either o O5 Genetics of Female-lethal 107 tolerate an imperfect gene product better than females or possess other mechanisms to achieve the same developmental goal. The possibility was also examined that males carrying Fl alleles survive because of the presence of the Y chromosome. Partial suppression of X-linked lethal mutations by the Y chromosome is one of many examples of position-effect variegation (Lindsley, Edington & Von Halle, 1960) . On the basis of their interaction with heterochromatin the mutations abnormal oocyte (Sandier, 1970) and daughterless (Sandier, 1972) have been implicated in the regulation or synthesis of rDNA. z tests in no case yielded a significant value. Therefore the presence of a Y chromosome has no effect on the survival of males carrying these Fl alleles.
TERRI MARSHALL AND J. R. S. WHITTLE (iii) Interactions between Fl alleles and sex-change mutations
The normal function of the Fl locus may relate to the differentiation of female phenotypic sex. This hypothesis was investigated by altering the phenotypic sex in Fl/Fl females using various sex-transforming mutations and determining whether lethality was suppressed. The dominant mutations transformer-dominant (tra°), Masculinizer (Mas) and the recessive mutation intersex (ix) exclusively affect chromosomal (X/X) females, causing them to develop as sterile intersexes. Double-sex (dsx) causes both genetic females and males to develop as intersexes. Analyses of large progenies in which Fl and these mutations were segregating are given in Table 4 The presence of a free Y chromosome in the FM6 maternal genome led to a high proportion of exceptional progeny in cross (e). Were they viable, Fl/Fl/Y genotypes would have been found in these crosses but such females were never observed, further indicating that the Y chromosome has no influence on the expression of Fl.
(iv) Dosage manipulation of the Fl locus
The resultant phenotype of a mutation will depend upon both the normal function of that gene and the type of mutation (Muller, 1932 (Marshall, 1977 and in preparation) . No confirming evidence exists to suggest that Fl is neomorphic so Fl could be either an amorph or a hypomorph whilst the other less severe alleles may be hypomorphs.
The evidence from the viability studies shows that no effect of Fl alleles can be detected in males. This conclusion is reinforced by experiments to determine the effective lethal phase of Fl (Marshall, in preparation) . Only 25% of zygotes, accounting only for homozygous Fl embryos, die when Flf 36 '/ + + females are crossed to Fl males, when compared to control series. Thus Fl is the second example of a sex-specific mutation affecting only one sex, the other being mdleless (Fukunaga, Tanaka & Oishi, 1975) . All other sex-limited lethal mutations are sex-differential in action. The viability studies on X/O males, reinforced by the failure to recover viable Fl/Fl/Y genotypes in the sex-change experiments, indicate that male survival is not influenced by the presence of a Y chromosome.
Alteration of imaginal phenotypic sex by the action of sex-transforming mutations neither suppresses the lethality of Fl/Fl and Fl/FP in females nor induces lethality in Fl males, indicating that Fl + is not involved in the establishment of the adult sexual phenotype. In this respect Fl behaves similarly to daughterless (Colainne & Bell, 1968) , mdleless (Fukunga et al. 1975 ) and the maternal sex-ratio condition (Sakaguchi & Poulson, 1963; Miyamoto & Oishi, 1975) . The only sex-limited lethal known to respond to the action of sex-change mutations is sonless (Colainne & Bell, 1972) which has a lethal phase extending to 48 h after hatching (Colainne & Bell, 1970) . The lethal phase of Fl occurs during embryogenesis and may precede the action of the sex-transforming mutations. The mutation transformer is the most extreme of the sex-change mutations, XX ; tra/tra individuals being almost indistinguishable from normal males, yet these pseudomales still possess some female characteristics (Brown & King, 1961) ; Fl+ may function in some female-specific process which persists in these intersexes. The expression of sex-transforming mutations involves imaginal disk derivatives but the embryonic lethality of Fl may reflect a quite separate developmental response to chromosomal sex from the differentiation of adult morphological sex. Alternatively the selective action of Fl might reflect differences between the I I and 1 7 chromosomal constitution in terms of the amount or type of chromatin and associated proteins. Survival of homozygous Fl clones induced by mitotic recombination (Marshall, 1977 and in preparation) makes it unlikely that Fl + is involved in any cell-autonomous function.
It is concluded that Fl+ codes for a product required specifically in X/X females. The evidence is consistent with Fl being an amorph or hypomorph, other alleles being hypomorphs. A role for Fl + in the establishment of female phenotypic sex has not been substantiated. Fl + may be required for a female specific process not directly related to the external sexual dimorphism of the adult.
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